Objective: The aim of this study has been the isolation and characterization of stem cells from dental pulp (DPSCs) in culture.
Introduction
The pulp of human third molars is rich in mesenchymal stem cells, which is characterized by having high rates of proliferation and multipotentiality therefore having high potential for application in tissue engineering. The last permanent tooth to erupt is the third molar. This generally occurs between the age of 16 and 20. Third molars are often extracted for orthodontic reasons and discarded. They represent an important source of mesenchymal stem cells for research. Parameters have been used to characterize a population of mesenchymal stem cells. In 2006, the Mesenchymal and Tissue Stem Cell Committee of the International Society for Cellular Therapy established minimal criteria to define human MSCs, which include the following: a) capacity of adhesion to plastic when maintained in standard culture conditions; b) expression of CD105, CD73, and CD90 and lack of expression of CD45, CD34, CD14 or CD11b, CD79a or CD19, and HLA-DR surface molecules; c) differentiation into osteoblasts, adipocytes, and chondroblasts in vitro [1] . This study has aimed to evaluate the immunophenotypic profile and pluripotency of pulp cells from human third molars in culture.
Materials and methods

Isolation and culture
The cells were obtained from an impacted third molar extracted for orthodontic reasons. The donor (21 years old) was informed of the purposes of the study and signed an informed consent form. The research protocol was approved by the Research Ethics Committee at the Dentistry School -Universidade Federal do Rio Grande do Sul. A horizontal groove was gently cut on the root surface. The following procedures were performed in laminar flow under sterile conditions: the crown was separated from the root and the pulp was minced with a knife. The minced tissue was incubated at 37 º C for 120 minutes in buffer containing 0.2% type 1 collagenase (Gibco, Grand Island, NY,USA). Cell suspension was centrifuged at 800g for 10 minutes, at 4 º C. The pellet was resuspended in Dulbecco's modified Eagle medium (DMEM, Gibco, Grand Island, NY,USA), supplemented with 10% fetal calf serum, 100 units/mL penicillin, 100 μg/mL streptomycin (Gibco, Grand Island, NY,USA), 0.45 μg/mL gentamicin (Shering-Plough, RJ, RJ, Brazil) and 3.7 mg/L HEPES (Gibco, Grand Island, NY,USA). The cells were cultivated six-well tissue culture plates (TPP Trasadingen, Schaffhausen, Switzerland) and incubated in 5% CO 2 at 37 º C. The culture medium was changed every four days. When the cells became confluent, they were harvested with 0.5% trypsin-EDTA (SigmaAldrich/St Louis, Missouri, USA) and transferred to subcultures at a against human clusters of differentiation (CDs) and cell surface molecules: CD14/FITC, CD29/PE, CD34/PE, CD44/FITC, CD45/ FITC, CD73/PE, CD90/FITC, CD105 and human leukocyte antigen major hitocompatibility complex class II cell surface receptor (HLA-DR)/FITC (PharMingen-BD Bioscences, San Diego, California, USA) antigens. Unstained cells and cells labeled with mouse IgG1 isotype control conjugated with PE and FITC were used as the control. The 7-aminoactinomycin D (7AAD) is a nuclear stain for apoptosis, and used to separate dead cells from living cells. Data was acquired using the FACSAria flow cytometer (BD Bioscience, San Jose, California, USA) and 10,000 events were analyzed (FACSDiva 6.1.3-BD Bioscience, San Jose, California, USA).
Results
The isolated cells in primary culture were adherent to plastic and had fibroblast-like morphology. The cells (passage 5 -P5) were positive above 95% for characteristic markers of mesenchymal stem cells CD29, CD44, CD73 and CD90. In contrast, a low percentage of positivity was detected (1.1%) for the characteristic markers of hematopoietic cells such as CD14, CD34, CD45, CD184 and HLA-DR (Figure 1) . ratio of 1:3, in the same medium. The same procedure was followed each time confluence was reached.
Cell differentiation in vitro
To evaluate the ability of the cells to differentiate, 10 4 cells/cm 2 (at the fifth passage) were plated in 12-well plates and cultivated in appropriate media osteogenic, adipogenic and chondrogenic differentiation for 2 to 4 weeks after reaching at least 70% confluence [2] . For each experiment, a negative control was used consisting of the same cells maintained in conventional culture medium. After the period for differentiation, the cultures were washed with deionized water and fixed in 4% paraformaldehyde for for 20min (osteogenic and chondrogenic) or 1h (adipogenic). The cells that underwent osteogenic differentiation were stained with Alizarin Red, adipogenic differentiation with Oil Red, and chondrogenic differentiation with Alcian Blue.
Flow cytometry
For the evaluation of surface marker expression, 106 cells (at the fifth passage) were incubated with the following conjugated antibodies 
Discussion
The first type of dental stem cell was isolated from normal human impacted third molars in 2000. The dental pulp stem cells (DPSCs) were isolated from the pulp tissue of a human impacted third molar by enzymatic treatment [3] . Third molars are often extracted for orthodontic reasons and discarded. These theeth represent an important source of mesenchymal stem cells for studies in tissue engineering and regenerative medicine as they have the advantage of being a non-invasive and disposable source of cells. Many studies have demonstrated that DPSCs have the ability to perform self renewal and differentiate into osteogenic, dentinogenic, neurogenic, and myogenic cell lineages in different inductive media [4] [5] [6] [7] [8] .
Studies have shown that extracted impacted third molars are capable of producing an optimum quantity of dental pulp tissue for the isolation of DPSCs [9, 10] . Various methods have been described for isolation of stem cells from human dental pulp. Raoof, et al. [11] . used three different methods for isolation of DPSCs from dental pulp tissue: 1. Dental pulp tissue was digested with collagenase or dispase enzyme and isolated trypsinised cells were plated in culture dishes; 2. Small undigested dental pulp tissue pieces were explanted directly to petri dishes; and 3. Dental pulp tissue was initially trypsinised and then small tissue pieces explanted to petri dishes for their outgrowth. The authors have recommended the third method for the isolation of dental pulp DPSC because it demonstrated high efficiency in a short time. Huang, et al. [12] . compared the enzyme digestion and outgrowth methods and found that cells isolated by enzyme digestion had a higher proliferation rate than those isolated by the other methods. In this study, the enzymatic digestion method used in the studies of Yu, et al. [13] , Bernardi, et al. [14] , Werle, et al. [2] , and their colleagues, was employed.
DPSCs, a type of adult stem cells, usually perform asymmetric cell division, which gives rise to one daughter cell with a stem-cell fate and another which can pursue further cell divisions to generate differentiated progenies. DPSCs in vivo usually remain quiescent within adult dental pulps, but respond during injury to produce progenies with high proliferative potential, which can differentiate into terminally differentiated odontoblasts. Thus, the amount of DPSCs in the normal dental pulp remains relatively constant [13] .
The isolated dental pulp cells expressed mesenchymal stem cell markers. The cells were positive above 95% for characteristic markers of mesenchymal stem cells CD29, CD44, CD73 and CD90, which corroborate with the studies of Gronthos [3] , Agha-Hosseini, et al. [15] , and Chen, et al. [16] .
In the present study, it was not possible to verify chondrogenic differentiation. Azin Malekfar, et al. [17] with the aim of isolating and characterizing human dental pulp stem cells from cryopreserved pulp tissue obtained from teeth with irreversible pulpitis, induced adipogenic and osteogenic differentiation and did not test the chondrogenic lineage.
In this study, isolated cells with fibroblast-like morphology had the ability to adhere to plastic when cultured and were positive for markers characteristic of mesenchymal stem cells. Although the pulp of human third molars has a low number of cells, the strong ability of these cells to proliferate makes them an alternative source for tissue engineering studies.
